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The tendency for insular bird populations to "lose" bright male
plumages, leaving males dull-plumaged and similar to females, is well
documented (Bateson 1913, Mayr 1942, Lack 1947), with examples
occurring on nearly every major island group supporting an endemic
avifauna. This phenomenon has been explained chiefly by one
mechanism:

The loss of sexual dimorphism through feminization of the male plumage seems to

develop only in well-isolated and rather small populations ... It . . . seems to occur
only in localities where no other similar species exist, i.e., where a highly specific

male plumage is not needed as a biological isolating mechanism between two similar

species.

Ernst Mayr (1942)

Later authors have for the most part followed Mayr's lead (e.g. Lack
1947, Sibley 1957, Grant 1965), although some additional explanations
(discussed below) have been advanced for specific cases.

A brief review of examples of this phenomenon led me to see that

Mayr's explanation does not adequately account for the diversity of

situations in which geographic variation in sexual dichromatism occurs.

The purpose of this paper, therefore, is to review geographic variation

in sexual dichromatism in birds, and to develop potential explanatory
hypotheses.

Methods

Examples of geographic variation in sexual dichromatism were
assembled from a variety of sources: published accounts including

taxonomic treatments, regional works [especially the atlases of

speciation in Africa of Hall & Moreau (1970) and Snow (1978)], and the

many reports on the results of the Whitney South Sea Expeditions and
the Archbold Expeditions; examination of specimens in the Field

Museum of Natural History, American Museum of Natural History,

U.S. National Museum of Natural History, University of Michigan
Museum of Zoology, Louisiana State University Museum of Natural
Science, and University of Kansas Natural History Museum; and
consultation with knowledgeable ornithologists. The list presented
herein is certainly incomplete—my hope is simply that it is a

sufficiently large and representative sample that insights into the

phenomenon will be possible.

To preserve clarity of patterns, I limited the examples analysed in the

present paper to those occurring within biological superspecies (Mayr
1963). Decisions as to what constitutes a superspecies were often

somewhat arbitrary; however, borderline cases were excluded. Species
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exhibiting variation in coloration of one sex not in the direction of the

coloration of the other sex, including many examples of heterogynism
(Hellmayr 1929, Mayr 1963), were excluded because no variation

existed in the degree of dichromatism. Examples in which geographic
variation in age of attainment of adult plumages caused variation in

sexual dichromatism were included only when the variation was
extreme, and not simply variation in the proportion of males in

subadult plumages.
When possible, the direction of change and the minimum number of

evolutionary derivations were inferred based on outgroup comparisons
and geographic considerations. If all other members of the species

group or genus showed one general pattern of sexual dichromatism and
the same pattern was found in some but not all populations of the

species of interest, then that pattern was assumed to represent the

primitive state. If different populations gained or lost bright coloration

on different parts of the body, or if populations showing variation in

dichromatism were geographically separated by populations showing
the primitive state, then each population was counted as an
independent evolutionary derivation.

A set of abbreviations was employed to summarize patterns of

variation. Males are listed first, then females. "B" and "D" refer to

"bright-plumaged" and "dull-plumaged", respectively, and " + "

indicates "brighter-plumaged than". For example, a population with
bright males and dull females is B/D; a population with brighter-

plumaged females relative to the first is B/D + ; one with females
identical to bright-plumaged males is B/B; and so on. Descriptions of

populations as bright- or dull-plumaged are relative—a "bright" swift

is much duller than a "dull" trogon. Also, the abbreviation for a

population's dichromatism is dependent on the type of dichromatism
found in the remainder of the populations of that superspecies

—

a sexually monochromatic species with one population in which
males are brighter would be D/D; however, a sexually monochromatic
species with one population in which females are duller would
be B/B.

Results

Examples of geographic variation in sexual dichromatism in 158 species

of birds representing 43 families are summarized in the Appendix.
Within particular species, multiple derivations of variant populations
were common. Several patterns were present: between-population
variation was discrete (stepped) in some examples (e.g. Foudia rubra,

Petroica multicolor), and clinal in others (e.g. Ficedula hypoleuca,
Molothrus aeneus, Dendroica pinns). Within-population variation was
continuous in some species (e.g. Pyrocephalus rubinus), and polymor-
phic in others (e.g. Terpsiphone mutata). Both types of within-
population variation occurred in different populations of Tourmaline
Sunangels Heliangelus exortis (Bleiweiss 1985a).
Of the 158 instances of geographic variation in sexual dichromatism,

at least 107 involved changes in male plumage brightness (left half of
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TABLE 1

Geographic situation and directionality of change in plumage brightness for each sex,

based on examples of geographic variation in sexual dichromatism in the Appendix for

which directionality could be determined

Male Female

situation B-D D^B B^D D-B

Insular 29 7 3 11

Allopatric 12 1 1 1

Allopatric-parapatric 2 8

Parapatric 4 2 1 5

Parapatric—clinal 1 2

table in the Appendix), whereas at least 90 examples were of changes in

female plumage brightness (right half of table). Hence, variation in the

coloration of either sex was about equally likely. However, in species

for which the direction of change could be determined, the direction

(i.e. bright to dull, dull to bright) was decidedly nonrandom (Table 1).

Males were nearly five times more likely to lose bright plumage than to

gain it (compared with uniform distribution, % =24.9, df=l, P<0.05);
females were more than five times more likely to gain bright plumage
than to lose it {% =15.1, df=l, P<0.05). This significant interaction

between sex and directionality of change of coloration (x~ — 38.2, df=l,
P<0.05) clearly reflected the fact that males of most species are

bright-plumaged to begin with, and that females of most species are

initially dull-plumaged.
The geographic situation of examples of variation in levels of sexual

dichromatism had little bearing on the directionality of change.

Although males of island populations were more likely to lose than to

gain bright coloration (Table 1), no significant interaction between
geographic situation (insular vs. continental) and gain vs. loss of bright

coloration in males existed (x
2 = 0.33, df=l, P>0.05). Hence, males of

island populations were not more likely to lose bright coloration than
males in other geographic situations.

Species including both resident and migratory populations showed
predictable patterns of geographic variation in sexual dichromatism.
For example, the northern, migratory populations of the Shiny
Cowbird Molothrus aeneus are dimorphic, but the southern, resident

populations have the sexes alike and females brightly coloured like the

northern males; many other examples of this pattern exist (e.g. Parula
americana—P . pitiayumi, Dendroica pinus, D. graciae—D. adelaidae,

D. discolor—D. vitellina, Icterus cucidlatus, Agelains phoeniceus) . The
association between permanent residency and bright (male-like) female

plumage is striking and consistent in each of these taxa. Moreau (1960)

presented evidence for an association between levels of dichromatism
and mating system—polygynous species having dull-plumaged females,

and monogamous species often having bright-plumaged females.
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Discussion

A wide variety of adaptive hypotheses has been used to account for

particular examples of geographic variation in sexual dichromatism;
others not proposed specifically regarding this phenomenon can be
applied to it in an equally valid manner. These ideas include

contrasting selection pressures for migratory vs. permanent resident

populations (Hamilton 1961), parasite-mediated sexual selection

(Hamilton & Zuk 1982), interspecific female mimicry (Roskaft et al.

1986), reduced need for species recognition characters in insular

populations (Mayr 1942, 1963), reduced need for predator signalling

(Baker & Parker 1979), and absence of nutritional elements necessary
for bright coloration (Abbott et al. \911). Each of these hypotheses
yields a slightly different set of predictions regarding the phenomenon;
more than one, of course, may be acting in such a heterogeneous
assemblage of species as that treated herein. Several depend critically

on the assumption that bright plumage is costly, and that it will be lost

in the absence of selection pressures in its favour.

Rather than entering into an overly nebulous discussion of how
particular examples might fit the predictions of particular hypotheses, I

will take a different direction in the discussion of my results. The
genetic basis for plumage dichromatism appears to be quite simple in

birds. Experiments by Morgan (1919) on hen-feathered breeds of

chickens Gallus domesticus indicate that dichromatism in that species is

controlled by but two loci which act via hormonal influences.

Furthermore, rare variant morphs in populations of several of the

species listed in the Appendix may well represent the expression of

alleles for characters affecting plumage dichromatism: e.g. Columba
iriditorques , Pyrocephalus rubinus, Trochocercus cyanomelas—T . nitens,

and Terpsiphone viridis. Hence, characters related to sexual dichroma-
tism may often have a simple Mendelian basis, or at least a simple
sex-linked Mendelian basis, and different alleles of these genes may
often be found segregating in natural populations of birds.

This observation leads me to suggest a possible alternative

explanation for many of the occurrences of geographic variation in

sexual dichromatism. Genetic drift in small, isolated populations of

birds could lead to the loss or fixation of alleles for bright or dull male
or female plumages, and could account for many of the odd patterns of

variation documented in the Appendix. Inclusion of ideas from models
of interactions between genetic drift and Fisherian runaway sexual
selection (e.g. Lande 1980, 1981) could explain elevated evolutionary
rates and the apparent concentration of examples in polygynous and
lekking species. This alternative hypothesis has the advantages of not
invoking novel selection pressures, of explaining all directionalities of
change in particular geographic situations (e.g. acquisition of bright
plumage in island populations), and of being able to explain the
frequency of examples of this phenomenon in insular situations. Some
hypotheses mentioned above may indeed prove to be the correct

explanations for the evolution of particular examples of variation in

sexual dichromatism; for example, the ideas of Hamilton (1961) and
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Moreau (1960) appear to have explanatory power for migrant vs.

resident populations of warblers. However, I suggest that the drift

hypothesis may be applicable in more situations than the selective

mechanisms.
Inspecting the few phylogenetic hypotheses available for groups

included in the Appendix, it is clear that sexual dichromatism evolved
dynamically in many lineages. For example, comparing sexual

dichromatism characters with a recent hypothesis for the evolutionary
history of the ducks (Livezey 1991) indicates several lineages in which
dichromatic species arose from nondichromatic dull species, lineages in

which dichromatism was lost, and indeed the full spectrum of possible

changes. These conclusions are clearly preliminary, but the pattern of
dynamic evolution of sexual dichromatism is clear. Further explor-

ations of these ideas can be based on this and other phylogenetic
hypotheses now available in the scientific literature.

Evolutionary changes in secondary sexual characters such as plumage
coloration also may be important in the speciation process. This
dimension of the phenomenon of geographic variation in sexual
dichromatism is underemphasised in this paper because I limited the

list in the Appendix to examples at the superspecies level or lower, that

is, before the speciation process is completed by the establishment of

sympatry. Populations under sexual selection that gain or lose patches
of bright plumage may become reproductively isolated from one
another rapidly, thus accelerating the process of formation of biological

species in a manner more or less analogous to the mechanisms proposed
by Kaneshiro (1980, 1983). Clear examples of secondary contact of

D/D populations with B/D source populations include the rock-

buntings Emberiza tahapisi and E. socotrana, and the pardalotes

Pardalotus punctatus and P. quadragintus.

A final comment refers to the likelihood that Mayr's (1942, 1963)
species recognition hypothesis would explain a significant number of

the occurrences of geographic variation in sexual dichromatism. Many
problems and inconsistencies plague it: (1) it can explain neither the

acquisition of bright, species-specific female plumages in many insular

bird species, nor (2) the occurrence of these phenomena in many
continental species as well; (3) it invokes the idea of high costs of bright

plumage as a reason for its loss in insular populations; (4) it requires

that sexual selection for bright and gaudy male plumages not exist, so

that relaxed selection for species-recognition characters can lead to loss

of bright plumages; and (5) it requires the tenuous assumption that

birds need bright and obvious plumage patches to be able to recognize

and identify conspecifics. Hence, this hypothesis is unlikely to

explain generally the occurrence of geographic variation in sexual

dichromatism in birds.
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